R. VILATERSANA ET AL.
Also, the documented presence of three different chromosome numbers in the group makes necessary a new analysis of the dysploidy and its correlation with the new suggested classification.
Karyology of the species of the group is already well known, with previous reports by Ashri & Knowles (1960) , Schank & Knowles (1964) , Harvey & Knowles (1965) , Khidir & Knowles (1970a,b) , Dume (1976) , Estilai & Knowles (1976) , Estilai (1977) and Lopez Gonzalez ( 1990) . Our present study consists of counts of 44 populations of 30 taxa. Our overall results confirm most of previous studies, but six taxa are counted for the first time. We have followed the classification of Lopez Gonzalez ( 1990) and Vilatersana et al. (2000) for Carthamus and Phonus. Regarding Carduncellus, we have followed the nomenclature of Hanelt (1963) .
1\L\TERIAL AND METHODS
Chromosome counts were made on somatic metaphases using the squash technique. Root meristems from germinating seeds collected in the wild or from wild plants cultivated in pots were used. Only in the cases of Carthamus tinctorius L. and C. dentatus (Forssk.) Vahl subsp. dentatus was material supplied by botanical gardens. We were unable to germinate seeds of Carduncellus cuatrecasasii G. Lopez, or even to cultivate living plants. For this species, cauline meristems were collected in the field and fixed in Carnoy.
Samples were pretreated with 8-hydroxyquinoline at 4°C for 8 h. The material was fixed with Carnoy for 24 h at low temperatures. Before staining, the material was hydrolyzed with 5N HCl for l h at room temperature. It was stained with l% acetic orcein and mounted in 45% acetic acid. For all the counts, a minimum of ten plates from different individuals were examined. Preparations were made permanent by freezing with C0 2 , dehydrating in ethanol and mounting in Canada balsam. Photographs were taken through a Zeiss Standard microscope. The preparations, the negatives and the herbarium vouchers are preserved in the Botanical Institute of Barcelona (BC).
The existence of previous chromosome counts for the studied species was checked in the indexes of plant chromosome numbers by Fedorov (1969) , Moore (1971 Moore ( , 1972 Moore ( , 1973 Moore ( , 1974 Moore ( , 1977 , Goldblatt (1981 Goldblatt ( , 1984 Goldblatt ( , 1985 Goldblatt ( , 1988 , and Goldblatt & Johnson (1990 , 1991 , 1994 , 1998 13.vii.1998 (BC) . 2n = 24 (Fig. I) .
Our result confirms a previous one by Lopez Gonzalez ( 1990) . Vilatersana, 24.vi.l996 (BC) . 2n = 48 (Fig. 2) . Our results confirm two previous tetraploid (2n = 4x = 48) counts, both from Spain (Lopez Gonzalez, 1990) . Previous results from other countries usually show the diploid level (2n=2x=24): Hardas & Joshi (1954 ( , in Fedorov, 1969 (1976 and Brullo et al. ( 1977) . This polyploid series reaches its peak at the hexaploid level (2n = 6x = 72), found by Lopez Gonzalez (1990) , also from the Iberian peninsula.
Carduncellus cuatrecasasii G. Lopez Spain, Jaen: Sierra de Magina, between Mancha Real and Torres, Garcia-]acas, Susanna 1608 & Vilatersana, 22.vi.l996 (BC) . 2n = 24 (Fig. 3) .
According to our data, this is the first chromosome count for this species. (Fig. 5) .
Carduncellus dianius
The studied population is tetraploid (2n = 4x = 48), as in a previous count by Reese (1957) . Lopez Gonzalez (1990) found the diploid level (2n=2x=24), also in Moroccan material.
Carduncellus eriocephalus Boiss. Morocco, Bouarfa: l 00 km from Bouanane to Bouarfa, Garnaije, Susanna 17 85 & Vilatersana, 16.vi.1997 (BC) . 2n=36 (Fig. 6 ).
According to our data, this is the first chromosome count for this species. It is one of the frequent triploids found in Carduncellus (2n = 3x = 36). However, only a single germinating seed was examined in our study, because the rate of germination was extremely low in this species. Thus, it is very possible that the seed was the product of a fusion between a non-reduced gamete and a normal one in a diploid. The chromosome number of this species is therefore 2n = 24. (Fig. 7) .
Carduncellus Jruticosus
Our result confirms previous counts by Dume (1976) , Humphries et al. (1978) and Lopez Gonzalez (1990) .
Carduncellus helenioides (Desf.) Hanelt Morocco, Fes: valley of the oued Zloul near Ahermoumou, Gamatje, Susanna 1801 & Vilatersana, l 7. vi.l997 (BC) . 2n = 48 (Fig. 8) .
According to our data, this is the first chromosome count for this species. Gonzalez ( 1990) , who also found the tetraploid level in Carduncellus hi.1panicus var. intercedens.
Carduncellus hispanicus
Carduncellus mareoticus (Delile) Hanelt Egypt, Alexandria: near El Amiriya, in front of the macaroni factory, Susanna 1850 & Vilatersana, 7.vi.l998 (BC). 2n=24+0-1B (Fig. 10) .
According to our data, this is the first count for this species, an Egyptian and Lybian narrow mdemic which is undergoing a rapid expansion (Lc Floc'h, Le Houerou & Mathez, 1990) .
Carduncellus mitissimus (L.) DC. Spain, Huesca: Seira, over Barbaruens, Vilatersana 47, 9.viii.l996 (BC) . 2n = 24 (Fig.  11 ) .
Our result coincides with many previous counts from Iberian material (Lopez Gonzalez, 1990) or French populations (Delay, 1969 , in Moore, 1973 Dume, 1976; Van Loon & DeJong, 1978) .
Carduncellus mowpelliensium All. Spain, Tarragona: Morera del Montsant, Vilatersana 17, 23.ix.l995 (BC). 2n = 48 (Fig. 12) . Spain, Tarragona: l\1ontsant range, Grau del Carrasclet, f/ilatersana 18, 23.ix.l995 (BC). 2n = 48.
Our result coincides with another from an Iberian population (Lopez Gonzalez, 1990) and also with other counts on French populations (Delay, 1969 , in Moore, 1973 Afzal-Rafii et al., 1985) .
Carduncellus pinnatus (Desf.) DC. Morocco, Chcfchaouen: between Bab Berred and Ketama, Arista, Garcia Afurillo, Gibbs, Lighadha & Talavera 4154/94, 23.vi.l994 (SEV) . 2n=24 ( Fig. 13) .
Our count coincides with the results of Dume (1976) and Lopez Gonzalez (1990) , on Moroccan material. Miceli, Spazzafumo & Garbari (1978) found the hexaploid level (2n = 6x = 72) in a Sicilian population. Finally, Humphries et al. ( 1978) counted 2n = 26 in Morocco, a doubtful result. However, Stemmacantha acaulis (L.) Dittrich, a North African endemic that could be confused with Carduncellus pinnatus, has this base number x = 13, very uncommon in the subtribe Centaureinae (Garcia-Jacas, Susanna & Ilarslan, 1996), so perhaps the record by Humphries et al. could refer to S. acaulis.
Carduncellus reboudianus Batt. Morocco, Meknes: 2 km from the cross of the oued Amesheguir on the road to Meknes, Garna (je, Susanna 1796 & Vilatersana, 17 .vi.1997 . 2n = 48 (Fig. 14) .
A previous result by Lopez Gonzalez (1990) is in agreement with ours.
Phonus Hill
Phonus arborescens (L.) •
-.
• I
..
• Pallas & Verry, 23.vi.1993 (BC) . 2n=24+0-2B (Fig. 16 ).
Our result agrees with previous reports by Hanelt ( 1963) and Lopez Gonzalez (1990 (Fig. 17) .
According to our data, this is the first count for this species. (Fig. 18 ). This species has been counted very often throughout its area of distribution (Pakistan, India and Iran), always with the same result as ours.
Carthamus tinctoriu.1 L.
France: Seeds from the Botanic Garden of Nancy, France, n. 607/96 (BC). 2n = 24 (Fig. 19) .
Safflower is a cultivated plant, unknown as a wild species. However, the plant is diploid (2n = 2x = 24). Many previous counts agree with ours and polyploidy has never been reported in this taxon. & Vilatersana, 7.vi.l998 (BC) . 2n=20 (Fig. 20) .
Our count agrees with many previous ones from the literature.
Carthamus boissieri Halacsy Kriti, Rethimnon: road between Asomatos and l\1oni Prcveli, 35° l1'N, 24°27'E, Vilatersana 30, 7.vii.l996 (BC). 2n=20+0-lB (Fig. 21) . Kriti, Rania: field margins at the extreme of the Drapanon peninsula, 35°28'N, 24°13'E, Vilatersana 36, 9.vii.l996 (BC). 2n=20. According to our data, this is the first count for this species. (Fig. 25 ) .
This endemic of the South Aegean was previously counted by Hanelt ( l 963), Khidir & Knowles (1970a,b) , Estilai & Knowles (1976 and De Montmollin (1986) with the same result.
Carthamus nitidu.1 Boiss.
Israel: Negev Desert, Dead Sea, R. Le~)', ix.l997 (BC). 2n = 24 + 0-l B (Fig. 26 ).
There arc many previous counts for this species (Hanelt, 1963; Schank & Knowles, 1964; Harvey & Knowles, 1965; Estilai & Knowles, 1976 , all of them concordant with our result. This is the only species of Carthamus, out of sect. Carthamus, with the basic number x = 12.
Carthamus tenui.1 (Boiss. & Blanche) Bornm. Israel: Jordan Valley, R. Lezjy, ix.1997 (BC) . 2n = 20.
Israel: Negev Desert, Dead Sea, R. l..e~)', ix.1997 (BC). 2n = 20 (Fig. 27) .
Israel: Binyamina, R. Lev_y, ix.l997 (BC1. 2n = 20.
Our counts agree with many preYious reports.
Sect. Atrac~ylis Rchb.
Carthamus lanatus I~.
Figures 19-27. Somatic mctaphases. Scale bar= 10 Jlm. Fig. JCJ. Carthamus tinctorin1 (2rz=2+) . Fig. 20 . C. alexandrinus (2n=:.!O) . Fig. 2l . C bois.,irri (211=20). Fig. 22 . C. dmtatus subsp. dmtatus '.211=20). Fig.  23 . C. dentatus subsp. mbrr (2n = 20,. Fig. 2+ . C. glaurus subsp. glaurw 1211 = 201. Fig. 2.) . C. leucoraulo.\ (2n=20). Fig. 26. C Kriti, Rethimnon: road between Hano Alexandrou and Viran Episkopi, 35°22'N, 24°38'E, Vilatersana 25, 6.vii.l996 (BC). 2n=44 (Fig. 28) Susanna & veny, 3.vii.l988 (BC) . 2n=44.
Our counts agree with most of the previous results; however, Avetisian & Tonjan (1975) , Mehra & Ramanandan (1976 , in Goldblatt, 1981 and Darlington &Janaki-Ammal (1945) found 2n=64; and Magulaev (1982, in Goldblatt, 1985) found 2n= 55 and 2n=64.
Carthamus creticus L. Morocco, Al-Hoceima: between Tiztoutine and Al-Hoceima, 417 km road NadorAl Hoceima, Gamatje, Susanna 1772 & Vilatersana, 15.vi.1997 . 2n=64 (Fig. 29) . Morocco, Al-Hoceima: ll km S of Al-Hoceima on the road to Nador, Gamatje, Susanna 1774 & Vilatersana, 15.vi. l997 (BC) . 2n=64. Egypt, Alexandria: near El Amiriya, in front of the macaroni factory, Susanna 1851 & Vilatersana, 7.vi.l998 (BC) . 2n=64.
Most of the numerous chromosome counts in this species coincide with ours. However, we have found two discrepant results: Fedorov (1969) and Arista, Talavera & Ortiz (1995) Our results confirm previous counts by Harvey & Knowles ( 1965 ) , Khidir & Knowles (l970a, b) , Estilai & Knowles (1976 , and Ghaffari ( 1989) . Even so, there are some counts of 2n = 44 in Fedorov (1969) .
All three species of Carthamus sect. Atractylis were considered by Hanelt ( 1963) as subspecies of Carthamus lanatus. They are very similar, and their most obvious differences rely on the colour of the florets and anther tube, a character that is difficult to observe in fruiting individuals (Khidir & Knowles, l970a, b) . We must conclude, as Hanelt (1963) In other species, usually with wider distribution, there arc interesting polyploid series. The widespread North African species Carduncellus duvauxii has both the diploid and tetraploid levels (2n = 2x = 24 and 2n = 4x = 48). In C. pinnatus, whose area encompasses North Africa and Sicily, diploid and hexaploid populations are found. The species with the largest geographical distribution of the genus, C. caeruleus, shows three different levels: diploid, tetraploid and hexaploid. The wide distribution of polyploids in the genus as compared with diploids is a good example of the colonizing ability usually associated with polyploidy (De Wet, 1971 ) .
Triploidy is also documented in the group. In two species, C. eriocephalus (this paper) and C. calvus Boiss. & Reut. (Lopez Gonzalez, 1990) , triploid counts are documented. For C. calvus, three levels were found (2x, 3x, 4x), but achencs of the triploid were non-viable (Lopez Gonzalez, 1990) . Recently, some authors have suggested that triploidy is associated with the pattern of geographical distribution in a genus of the subtribe Centaureinae, Centaurea sect. Acrocentron (Garnatjc et al., unpublished data) . The pattern of growth of populations of this group is very similar to the model of Carduncellus, which grows in small, usually disjunct populations. In these populations, genetic drift can lead to incompatibility between populations of the same species, thus favouring the generation of triploids and polyploids.
Phonus, according to recent phylogenetic analysis based on DNA sequences, is closer to Carduncellus than to Carthamus (Vilatersana et al., 2000) . Karyological data support this hypothesis. Phonus has the same constant base chromosome number x= 12 and only the diploid level (2n=24) has been found.
Within the genus Carthamus, there are three well-defined groups. First of all is sect. Carthamus, whose representatives are all diploid with x = 12.
The second group is sect. Odontognathius, with an interesting dysploid series (x = 12, x= 11 and x= 10). Carthamus nitidus has x= 12 (this paper), and C. divaricatus Beg. & Vacc. has x = 11 (Estilai & Knowles, 1976) . The rest of species of this section have x = I 0. Some authors have split sect. Odontognathius on the basis of differences in the base chromosome number and created new sections for C. nitidus and C. divaricatus (Ashri & Knowles, 1960; Estilai, 1977) . DNA sequence analysis, however, does not support further division of the group (Vilatersana et al., 2000) . This is one of the very frequent cases of dysploidy in the sub tribe Centaureinae in which differences in base chromosome numbers do not have any taxonomic relevance. Fertile natural hybrids between species with different chromosome numbers are common (GarciaJacas & Susanna, 1992).
Estilai & Knowles ( 1976) suggested three different hypotheses to explain the dysploid evolution (x = 12, 11 and 1 0) in Carthamus: (a) descending dysp1oidy from the base chromosome number x= 12; (b) ascending dysploidy from x= 10; and (c) ascending and descending dysploidy from x = 11, resulting in species with x = 12 and x = 10, respectively. Recent DNA sequence analysis in Carthamus (Vilatersana et al., 2000) support the first hypothesis of descending dysploidy, from x = 12 to x = I 0. This is a well-known trend in other genera of the Asteraceae such as like Crepis and Leontodon (Stebbins, 1950 (Stebbins, , 1971 and it has been extensively documented in the subtribe Centaureinae (Garcia:Jacas & Susanna, 1992; Garcia-Jacas et al., 1996) .
The third group is sect. Atracrylis, formed by species of purported hybrid origin.
Carthamus lanatus, with x = 22, could be an allopolyploid (x = I 0 + x = 12) (Ashri & Knowles, 1960) , or an autopolyploid originating from C. divaricatus with x = 11 (Estilai & Knowles, 1976) . On the other hand, C. creticus and C. turkestanicus (x = 32) are very probably allopolyploids from the hybridization of C. lanatus (x = 22) and species with x =I 0, maybe C. leucocaulos and C. glaucus subsp. glaucus, respectively (Khidir & Knowles, l970b) . The allopolyploid origin of sect. Atracrylis would explain the weedy habit of the species of the group. They have colonized all the Mediterranean basin, Australia, California and Chile (Vilatersana et al., 2000) . Regarding autopolyploidy, duplication of the chromosome number in Carthamus is very infrequent, with only one documented case, in C. dentatus subsp. dentatus (Kuzmanov et al., 1979) .
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